The forthcoming biochemical observations were from the resecates of the patients who underwent surgical intervention because of peptic ulcer disease. These observations were done during 1969-1976, when only the parasympatholytics were used in the medical treatment of patients with peptic ulcer.
Correlation between the gastric fundic mucosal
and albumin increase significantly, while the Na indicates a decrease (Myren, 1968; Semb and Myren, 1968; Wright and Hirschowitz, 1976) . These called for attention to study the correlations between the classical membrane-bound ATP-dependent energy systems and gastric BAO and MAO.
There was no doubt that after the administration of pentagastrin or histamine (given in doses) to produce gastric MAO values, the changes in the contents of the gastric juice cations became much higher than those in gastric BAO. These data also suggested that there is some correlation between the membrane-bound ATP-dependent energy systems and the gastric BAO and MAO values.
In 45 patients with peptic ulcer (20 patients with gastric and 25 patients with duodenal ulcer), the gastric H + was measured without the administration of any drug (basal acid output, BAO), and its value was expressed in mEq/L. These patients underwent resection of the stomach for peptic ulcer. During the surgery, a piece was cut from the fundic part of the stomach. The gastric mucosa and the muscular layer were separated from each other, and the membrane ATPase was prepared from fundic gastric mucosa with differential centrifugation (20.000 × g and 40.000 × g) and treatment with 2.0 M NaI solution as per our method (Mózsik and Øye, 1969) . The membrane ATPase activity was measured in an incubation system at 37 o C by the liberation of inorganic phosphorus (Mózsik, 1969b) . The Na (Saccomani et al., 1979b; Yao and Forte, 2004; Dunbar and Caplan, 2001; Sachs et al., 1995;  https.//www.nlm.nil.gov/cgi/ mesh/2011/MB_cgi?&term=Potassium+Hydrogen+ATPase).
There is no doubt that both the active transport of Na + and K + (Na pump) and the gastric acid secretion are energy-dependent processes (obtained from the ATP transformation into ADP); however, the sodium pump is a general function of all cells, while the H + -K + -ATPase is responsible only for gastric acid secretion.
We never participated in the study of H + -K + -ATPase; however, it is true that the presence of Na + -K + -ATPase was proved earlier in the rat and human gastrointestinal (gastric) mucosa (Mózsik and Øye, 1969) .
We used the Na + -K + -dependent ATPase system as a key enzyme participating in the regulation of cell functions, of course, in the gastric mucosal cells. The function of Na + -K + -ATPase represents only one side of the ATP splitting process (as energy source), while the actual level of tissue ATP indicates the other side of energy source system (namely, the ATP resynthesis). These processes occur together in all cells and tissues. Both Na + and K + are involved in both the classical sodium pump and the gastric acid secretion.
Our results presented here are related dominantly to the function of the classical sodium pump in the human gastric mucosa. It is interesting and important to note that the activity of Na + -K + -dependent ATPase is closely associated with the gastric acid secretion. This section deals with the effects of some cholinergic and anticholinergic drugs on the membrane-bound ATPase enzyme (Mózsik et al., 1974c) . -dependent ATPase prepared from the human gastric fundic mucosa. The intrinsic activity (α) of atropine was found to be equal to 1.0 on Na + -K + -dependent ATPase activity. Each point represents the average of 10 measurements (chemical structures: isopropamide, 2,2-diphenyl-4-diiso-propylamino-methyliodide; Gastrixon R , methyl-tropinium-bromide-xanthene-9-carboxylate). [Mózsik, Kutas, Nagy, Tárnok, Vizi: Acta Physiol. Sand. Special Suppl. 199-208, 1978 (with kind permission).] Table 31 . Values of affinity (pD 2 ) and intrinsic activities (α) for parasympatholytics inhibiting the Na
Interaction of cholinergic function with Mg
ATPase prepared from the human gastric fundic mucosa. The intrinsic activity of atropine was found to be equal to 1.0.
The results presented above indicate clearly the following:
1. During the cholinergic activation, the enzyme system of sodium pump (the transformation of ATP into ADP by membrane ATPase) is in working state (acetylcholine, carbamylcholine, neostigmine);
2.
The parasympatholytics inhibit the function of membrane ATPase prepared from the human gastric fundic mucosa;
3.
The different parasympatholytics produced different extents on the inhibition of membrane ATPase activity.
Inhibitory effects of histamine, pentagastrin, PGE 1 and PGE 2 on Na

+ -K + -dependent ATPase prepared from human gastric mucosa
The gastric acid secretory responses are characterized by the so-called basal acid secretory responses (e.g., without the administration of any drug to stimulate the gastric acid secretion) (basal acid output, BAO) and maximal gastric acid secretory responses (maximal acid output, MAO). The MAO can be produced by the administration of histamine (0.04 mg/kg body weight, given subcutaneously) (Kay's test) or pentagastrin (6 µg/kg given subcutaneously).
The effect of histamine was studied on the typical membrane ATPase prepared from the gastric fundic mucosa of patients with gastric (8 patients) and duodenal (6 patients) ulcer, before resection of their stomach: BAO value = 3.86 ± 1.14 mEg/h and MAO = 16.30 ± 2.25 mEg/h. 
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The inhibition of total membrane ATPase activity was caused by histamine in a concentration of 10 It was clear to conclude that the magnitudes of drugs actions depend on the membrane enzyme activity. Because the membrane ATPase activity significantly changes on the activity of target organ, the drug actions depend on the activity of the target organ (Nagy et al., 1976 (Nagy et al., , 1981 . We prepared the membrane ATPase from the human gastric fundic mucosa and, simultaneously, directly measured the tissue level of ATP, ADP, lipid phosphates, ribonucleic acid and deoxyribonucleic acid. The tissue levels of ATP, ADP, lipid phosphates and ribonucleic acid were expressed in accordance to 1.0 mg deoxyribonucleic acid (DNA). The membrane ATPase activity was assayed (Mózsik and Øye, 1969) by in vitro method (Figures 56, 58) . The different correlations were expressed in consequence of mathematical analyses: BAO versus Na (Mózsik et al., 1979 (Mózsik et al., a, b, 1981d (Mózsik et al., , 1978b (Figure 56 ). , 1997; Bódis et al., 1977 a, b; Levine, 1971; Mózsik et al., 1978b) . (Mózsik, 1969 (Mózsik, a, b, 1970 (Mózsik, , 1974 (Mózsik, a, b, 1979 . Table 33 indicates affinity (pD 2 ) and intrinsic activity (pA 2 ) curves for the actions of acetylcholine, histamine and pentagastrin. The table also indicates the contradictory actions of these agents on Na + -K + -dependent and adenyl cyclase systems.
We hypothesized a feedback system between the membrane ATPase and adenylate cyclase in the development of gastric BAO and MAO (Figure 59 ). 
Energetical and biochemical gradients between the gastric fundic, antral and duodenal mucosa in dependence of gastric BAO values in peptic ulcer patients
Energetical and biochemical gradients in the gastric fundic mucosa and musculature in peptic ulcer patients in dependence of gastric basal secretory responses
The biochemical examinations were carried out in resecates of stomach (fundus, antrum) and small intestine (duodenum, jejunum) in patients with chronic peptic ulcer, who underwent surgical intervention.
The gastric BAO and MAO (subcutaneously given 6 µg/kg body weight of pentagastrin) were measured before the surgical intervention.
The examined patients were divided into three groups, according to the BAO values (Table  34 ). These patients underwent resection of stomach (and some part from duodenum; in patients with jejunal ulcer, who underwent surgery previously, Billroth II-type gastric resection was carried out, and jejunal ulcer appeared later). Immediately after resection, different tissue samples were separated from the obtained tissues, and they were put into liquid nitrogen. The following biochemical examinations were carried out from different tissue samples:
Groups of patients Basal acid outputs (BAO) Maximal acid outputs (MAO)
BAO
Determination of membrane (Mg
2+
-Na
1. The number of biochemically evaluated tissue samples in different figures is different (e.g., in case of gastric fundic mucosa vs. musculature), which is dependent on the in situ situation at the time of surgical intervention;
2. We had no possibility for direct measurement of cyclic AMP from these tissue samples in these series of observations;
3. All biochemical examinations (including the preparative works) were carried out in all tissue samples obtained in one patient. Correlations between the membrane ATPase activity, tissue levels of ATP and ADP in the human gastric fundic mucosa and musculature in patients with different gastric (hypacid, normacid and hyperacid) secretory responses depending on the gastric basal acid output (BAO) (means ± SEM). The results are based on the results published in a paper (Mózsik, Vizi, Kutas: Scand. J. Gastroenterol. 11: 205-211, 1976 and Mózsik, Vizi, Kutas: Scand. J. Gastroenterol. 12: 461-464, 1977 ) (with some modification). 
Energetical and biochemical gradients in the gastric antral and duodenal mucosa and musculature in patients with peptic ulcer in dependence of gastric basal acid secretory responses
There was an energy gradient in the corpus, antrum and duodenum mucosa depending on the gastric basal and maximal acid secretory activities (Mózsik et al., 1976 (Mózsik et al., a, b, c, 1979 (Mózsik et al., b, 1981a ) (Figures 65-66 ; Tables 35-37 ). The membrane ATPase activity and tissue levels of ATP and ADP were measured around the gastric antral, duodenal and jejunal ulcer patients (after partial gastrectomy). The ATPase activity and tissue levels of ATP and ADP were significantly higher around the gastric antral, duodenal and jejunal mucosa than those obtained in the non-ulcerated (control) mucosa (Mózsik et al., 1976 d, f, 1981 a, c, 1987 a, b, 2000 Tables 35-37 
Mucosal biochemistry of ulcerated and non-ulcerated jejunal mucosa in patients with chronic jejunal ulcer
It was clear to conclude that the magnitudes of drugs actions depend on the membrane enzyme activity. Because the membrane ATPase activity significantly changes on the activity of target organ, the drug actions depend on the activity of the target organ (Nagy et al.,1976 (Nagy et al., , 1981 . 
Exclusion of tissue hypoxia in the tissues around the chronic gastric, duodenal and jejunal mucosa in patients
Figures 70 and 71 clearly indicate that the tissue levels of mucosal levels of ATP and ADP are significantly higher in the ulcerated antral, duodenal and jejunal mucosa than those obtained in the control (non-ulcerated) mucosa specimen (the measurements were done simultaneously in patients).
As we indicated earlier, the membrane ATPase activity was also significantly higher in these ulcerated mucosa specimens than that in the control (non-ulcerated) mucosa. Against these biochemical changes, the values of "energy charge" remained the same (Figure 72 ).
These results demonstrated earlier in Figures 70-72 clearly indicate the following:
1. The extent of ATP-ADP breakdown is significantly higher in the ulcerated antral, duodenal and jejunal mucosa specimens than that in the control (non-ulcerated) mucosa specimens. This fact can be proven by the increased membrane ATPase activity and by increased level of ADP;
2.
No impaired phosphorylation can be found in the ulcerated mucosa specimens, which can be proven by increased tissue levels of ATP in time when the ATP-ADP breakdown was significantly increased (significantly higher membrane ATPase activity and increased level of ADP); 
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3. The extent of ATP-cAMP transformation was significantly higher in the ulcerated antral, duodenal and jejunal mucosa around the chronic ulcer;
4. The tissue levels of ATP were significantly higher in the mucosa -around the chronic antral, duodenal and jejunal ulcer -that those in the control (non-ulcerated) mucosa, while the extents of both ATP-ADP and ATP-cAMP transformations were increased in the ulcerated antral mucosa specimens;
5. The higher ATP tissue levels (in time when the ATP breakdown was increased in both directions) can be obtained by the intact oxidative phosphorylation pathway;
6. The biochemical components of gastric mucosal tissue were expressed in accordance to 1.0 mg DNA, which represents the same number of cells (Figure 297) . The values of adenine-adenosine, ATP, ADP and AMP were increased in the gastric fundic mucosa in patients with increased gastric secretory responses (BAO, MAO) and in the mucosa around chronic antral, duodenal and jejunal ulcers.
No physiological data are available in the literature to prove the presence of decreased GMBF in the gastric fundic mucosa in patients with gastric hyperacidity, and nobody found an increased tissue level of lactate. All experts accept the increased energy turnover (increased extents of ATP-ADP and ATP-cAMP transformation) in these gastric fundic mucosa specimens. The results of animal experiments clearly indicated that the biochemical components differ significantly in the glandular stomach in comparison with the values in the forestomach. When we analyzed the time -sequence of biochemical changes, development of gastric hyperacidity and ulcer development, we first obtained the gastric hyperacidity and then the ulcer development. The same tendency was obtained in the changes of gastric mucosal biochemistry in both parts of the stomach, and these changes appeared before the development of gastric hyperacidity in 24-hour pylorus-ligated rats (Mózsik and Vizi, 1976 a, b) .
A significant biochemical gradient was biochemically proved in the gastric fundic, antral, duodenal and jejunal mucosa depending on the gastric secretory responses (BAO, MAO).
